Although a number of theories are available on the mechanism of separation of gallstone ingredients from bile, nothing is practically known as to how the separated ingredients coagulate and solidify in bile to form gallstones. This paper presents a theory on coagulation in bile of gallstones on the basis of a series of experimental
facts. An outline of the theory is as follows: The gallstone ingredients separated from bile first form stable lyophobic colloids, but the stability of the colloids is soon decreased by effects of inorganic electrolytes (electrostatic effect) and high-molecular-weight organic substances (electrostatic effect and bridging action) of bile and the colloids are deposited as flocks. The flocks then gradually solidify under the influence of various types of kinetic energies that are exerted by the organism and are ultimately transformed into solid gallstones.
In support of this theory, gallstone-like concrements were actually produced in vitro using a suspension of human bile sediment consisting mainly of calcium bilirubinate.
This theory may also be applicable, to some extent, to the coagulation mechanism of other substances separated from a colloidal solution in the living organism.
In proportion to the recent progress of assay methods in the field of biological Evaluation of coagulating effect of various reagents on the sample suspension: To find out the substances that induce coagulation of the particles of bile sediment , a number of inorganic and organic reagents were tested for the effect on the sample suspension. Inorganic substances studied were sodium chloride, calcium chloride, aluminium chloride, precipitated calcium carbonate , hydrochloric acid and sodium hydroxide (analytical grade reagents of commercial supply) , and the organic sub stances were sodium oleate, dodecyl ammonium acetate, gelatin, Separan 2610, Superfloc 16 (American Cyanamide Co.), Konanfloc 200, 1250 and 2000 (Konan Chemical Co.), and ZH (Konan Chemical Co.). The method of study was as follows: A 1 ml. (or 2.5 ml.) aliquot of the stock sample was put in a graduated glass cylinder of 10 ml. (or 25 ml.) capacity, a determined amount of the reagent to be tested was added and distilled water was poured into a total amount of 10 ml.
(or 25 ml.). The mixture was then stirred gently with a glass rod and allowed to stand at room temperature. After 1 hour and 24 hours, the volume of sedimented flocks, if any, was measured and the turbidity of the supernatant was recorded on a five point scale: -, +, ??
and ??, to represent the coagulating effect of the reagent.
Application of physical movement to the sample: A suspension of the sample was prepared in a 50 ml. Ellenmeyer flask with 2 ml. of the stock sample and an arbitrary amount of distilled water, to which were added pre-determined quanti ties of certain inorganic and organic substances that were revealed, in the above experiment, to have considerable coagulating effects. The total amount was then adjusted with distilled water to 32 ml. and to the mixture was supplied a kinetic energy by rotating the flask at 6 r.p.m. with a synchronous motor. water. It was further confirmed that the particles of synthetic calcium bilirubinate which the authors had prepared4) also had negative charges when suspended into distilled water. When coagulation occurred by addition of an inorganic electrolyte, the particles of bile sediment formed gel-like flocks which were quite hydrophilic and did not drain well, just like a deposit of iron hydroxide precipitated from an aqueous solution. Such a hydrophilic nature of the flocks is due to the presence of a hydrated layer surrounding each of the particles, which must be removed to transform the flocks into well drained coagulates and further into gallstone like solid concrements. Since calcium carbonate is known to improve considerably the precipitation characteristic of iron hydroxides), this compound was then employed for studying the effect on the rate of sedimentation of the sample suspen sion. In Fig. 5 is shown the velocity of sedimentation of the particles of the sample by plotting the sedimentation volume (total amount of the suspension 25 ml.) against time. In relation to the technique of preparing wet pellets of kaolinate, it has been recently pointed out by Yusa and Gaudin7) that a rotating movement of a suspension enhances coagulation of the suspending particles. On the basis of such a fact, the suspension of bile sediment was subjected to rotation with the inorganic and organic reagents that were effective for coagulation of the sample. In the course of rotation, visible coagulates were yielded in the suspension, and the coagulates grew up in size and finally formed gallstone-like solid concrements in about 30 minutes, the progress of the phenomenon depending upon the kind and amount of the reagents that were added to the system. Such a difference in the coagulating effect may probably be due to a difference in the grade of polymerization and in the characteristics of the functional groups of the nmolecule. It was also revealed that addition of Konanfloc 2000 and calcium chloride in this order yielded a more favorable result than in the case when they were added in the reversed order. Although the reason for this phenomenon is obscure, it is possible that an inorganic electrolyte not only decreases the c-potential of the particles but also modifies favorably the fibrous structure of the linear polyelectrolyte that was adsorbed to the surface of the particles. When the suspending particles with electrical double layers are approximat ed together by brownian movement, they repulse one another by the interaction of electrical double layers. At the same time, the particles are effected by van der Waals force that acts to attract them. Therefore, the actual interaction between two charged particles is represented by a resultant of repulsive potential energy V R and attractive or van der Waals potential energy VA, as a function of the distance between the particles. As shown in Fig. 10 , the resultant or total potential energy of this case exhibits a maximum (Vm) at a certain distance between the particles, and its value is determined by the surface potential of the particles, the thickness of the electrical double layer, etc. Vm is a thermodynamic measure of the stability of a colloid solution or a suspension; the particles are dispersed if Vis larger than kinetic energy of the particles, whereas they are attracted and coagulate if Vm is smaller than kinetic energy of the particles8). When an adequate electrolyte is added to a suspension, Vm is lowered as a result of a decrease of c-potential and a shrinkage of the ionic atmosphere, repulsive forces become overwhelmed by the effect of attractive energy and the particles coagulate. The coagulating effect of calcium chloride or aluminium The coagulate of bile sediment thus prepared by addition of calcium carbonate, an inorganic electrolyte (e.g. calcium chloride) and an organic polyelectrolyte of positive charge (e.g. Konanfloc 2000) was still not firm enough to be comparable to a genuine gallstone. However, when such a coagulate was further subjected to a slow rotating movement of long duration, solid concrements resembling gallstones were eventually yielded. Although the role of rotation in the formation of gall stone-like concrements has not yet been completely elucidated, a probable interpretation may be that an adequate form of energy must be supplied from outside to overwhelm the potential energy barrier Vm that may increase with an increase in the size of the particles as coagulation progresses. The authors thus succeeded in producing gallstone-like concrements in vitro from a suspen sion of particles prepared from infected human bile. The present experiment was conducted mainly for the purpose of clarifying the coagulation mechanism of calcium bilirubinate stones. However, the above view is expected to be applicable, to some extent, to the coagulation mechanism of other substances separated from a colloidal solution in the living organism.
The authors would propose to name the above concept as "Solidification Theory by Maki and Suzuki".
